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0 Valvuloplasty catheter with balloon which remains stable during Inflation. 



0 A valvuloplasty :atheter (tO) is described which 
includes an elongated flexible plastic tube (12) 
dimensioned so as to allow it to be passed through 
the vascular systenr. Affixed to the distal end portion 
(14) of the tube (l2i is an inflatable expander mem- 
ber (32) which is intended to be positioned in the 
annulus of the valve to be treated. Inflation ports (28. 
30) expose the inte-ior of the expander member (32) 
to the iumen (18) of the tube (12) so that when an 
inflation fluid is injected, under pressure, at the distal 



end of the tube, the expander member (32) expands 
radially outward to spread the valve and free-up its 
leaflets. The novelty resides in providing first and 
second inflation ports (28. 30) of differing size so 
that the expander member (32) inflates so as to 
create a dog*bone effect, tending to stabilize the 
expander member (32) relative to the valve being 
treated. 



0) 

5 
o 

Ql 




Xofo^ Cofiy Ccntfo 





EP 0 419 291 A1 



VALVULOPLASTY CATHETER 



This invenl on relates generally to catheters for 
facilitating the performance of translunninal val- 
vuloplasty, anc more particularly to the construc- 
tion of such : catheter whereby the balloon or 
expander memoer is stabilized during the inflation 
thereof to inhib t movement of the balloon beyond 
the location of ';ie valve being treated. 

Between evzU atrium and ventricle of the heart, 
there is a some.vhat constricted opening referred to 
as the atrioven'-icular orifice which is strengthened 
by fibrous ringr and protected by valves. Also, the 
openings into tne aorta and the pulmonary artery 
are also guarded by valves. More particularly, the 
orifice between the right ventricle and the pulmo- 
nary artery is guarded by the pulmonary valves 
and the orifice betv/een the left ventricle and the 
aorta is guarded by the aortic valve. These two 
valves are called "semilunar valves" and consist of 
three semilunar cusps, each cusp being attached 
by its convex margin to the inside of the artery 
where it joins !he ventricle, while its free border 
projects into tho lumen of the vessel. 

In the healt.iy heart, the semilunar valves offer 
no resistance -o the passage of blood from the 
heart into the arteries as the free borders of the 
valve project i-uo the arteries, but they' form a 
complete barrirr to the passage of blood in tho 
opposite direction. In this case, each pocket be- 
comes filled wivh blood, and the free borders aro 
floated out and distended so that they meet in the 
center of the v ssel. With age. however, tho com- 
missure lines oefining the interface between the 
cusps can beccme calcified, inhibiting the ability of 
the valve to opon and close in a normal fashion. In 
the past, such -problems have been surgically ad- 
dressed by oponing the heart and repairing or 
replacing the valve v/ith a manmade or animal 
replacement vaive. 

A more recent medical advance in the treat- 
monl of calcifie'.l coronary valves has involved tho 
so-called transluminal valvuloplasty procedure in 
which, for example, in treating the aortic valve, a 
catheter is introduced into the femoral artery and 
advanced upwa.d through the vascular system until 
it passes throuc.h the aorta to the site of the aortic 
semilunar valve. The catheter is equipped with a 
"balloon" near its distal ond which is capable of 
being inflated to a predetermined maximum diam- 
eter by the intoduction of an inflation fluid at the 
proximal end of the catheter structure. Expansion 
of the balloon v/hile In the location of the valve is 
found to fracturo the calcification, opening the com- 
missure lines 3:id again allowing the cusps to ap- 
propriately flex. 

In some ins'.ances. it has been difficult to main- 



tain the balloon at the desired position during tho 
inflation thereof. Blood is inherently a slippery me- 
dium and as the inflation fluid is introduced into tho 
oalloon and it begins to swell, there is a tendency 

5 for the balloon to pop out of the valve site and. in 
some instances, it has boon known to be projcctod 
with a sufficient force into the ventricle to perforate 
the ventricle near its apex, resulting in death. 

In the Inoue U.S. Patent 4.327.736. there is 

to disclosed a balloon catheter ospcciaily designed 
for expanding a hollow organ and restoring resil- 
iency to a theretofore stenosed structure. In accor- 
dance with the invention described therein, tho 
balloon incorporates a non-extendable bag struc- 

js ture for defining the outer limit to which the balloon 
may be expanded. Surrounding the balloon are one 
or more elastic bands. When an inflation fluid is 
injected into the interior of the balloon to cause it to 
expand, the rubber bands cause the balloon to 

20 expand so as to create a dog-bone shape which 
tends to stabilize the balloon within the constriction 
being treated as expansion takes place. 

It is the principal object of the present invention 
to provide a transluminal valvuloplasty catheter with 

25 a provision for stabilizing the balloon during tho 
inflation thereof to prevent it being forcibly propel- 
led into tho ventricular cavity or roarward back into 
the aorta. 

In accordance with tho present invention, tiio 

30 stabilization of the balloon during the inflation 
thereof in the course of a transluminal valvuloplasty 
procedure is achieved by providing an elongated 
flexible plastic tubular member which is dimen- 
sioned to pass through the vascular system. The 

35 tube includes at least two longitudinally spaced 
ports located on tho distal end portion of the tube 
and which extend radially through tho wall lliereof 
to intersect with the lumen. The ports aro of differ-^ 
ing cross-sectional area. A tubular, inflatable ox- 

■to pander member encircles tho tube and ovorlios tho 
two longitudinally spaced ports. Tho opposed ends 
of the expander member arc bonded to tho outer 
periphery of the tube. Moans are provided at tho 
proximal ond of the lube for injecting an inflation 

45 fluid into the lumen such that when the expander 
member is constricted intermediate the longitudi- 
nally spaced ports, both ends of the expander 
member simultaneously inflate on either side of the 
constriction but at differing rates. By providing the 

50 larger port distaliy of the smaller one. it is insured 
that the expander member will have its distal end 
portion inflate before and at a greater rate than the 
proximal end portion. As such, by constraining, i.e.. 
pulling back on the tubular member as the inflation 
fluid is injected, the expander member win be 
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Stabilized within the v.-ilve annutus. 

One particular embodiment of the invention will 
now be described by way of example only, refer- 
once being made to \he accompanying drawings in 
which:- 

Figure t is a partic.l side view of the valvuloplas- 
ty catheter at a preliminary stage of inflation: 
Figure 2 is a parti^J side view of the valvuloplas- 
ty catheter at a later stage of inflation; and 
Figure 3 is a part;.il cross-sectional view of the 
valvuloplasty cathe;er when fully inflated. 
Referring to Figye 1, there is indicated gen- 
erally by numeral 10 a valvuloplasty catheter con- 
structed in accordanco with the present invention. It 
is seen to comprise an elongate . riexible. plastic 
, tube 12 having a distal end 14, a proximal end 16 
and a lumen 18 running from the distal end to the 
proximal end. The catheter 12 may be fabricated 
from any number of .materials commonly used in 
constructing intravascular catheters. Attached to 
the proximal end is a hub member 20 having an 
inflation fluid inlet port 22 integrally molded there- 
with and provided witli a Luer fitting 24 to which an 
inflation syringe may be coupled. An inflation sy- 
ringe suitable for the present application is dis- 
closed in U.S. Pateni 4.723.938. The catheter 10 
may also include a cuidewire port 26 formed on 
the proximal end portion of the hub 20. 

Located a short distance, typically 10-40 mm. 
from the distal end of the tube 12 is a first inflation 
port 28 depending uoon balloon length. Then, a 
short distance proximal of the port 28 is a second 
inflation port 30. The ports 28 and 30 pass com- 
pletely through the v.aii of the tube 12 so as to 
communicate with the lumen 18. The ports 28 and 
30 are out of longi;udinal alignment along the 
length of the cathetor body, thus inhibiting any 
tendency for the tube to kink. It is also to be noted 
that the cross-sectional area of the port 28 is 
purposely made large;' than that of the port 30. In a 
typical application, tho port 28 may have a diam- 
eter of 0.5 mm whi'o the port 30 may have a 
diameter of 2.0 mm The expander member or 
balloon comprises a plastic film non-distensible 
sleeve 32 surroundinc; the distal end portion of the 
tube 12 in covering relation with respect to the 
inflation ports 28 and 30. The balloon 32 is bonded 
circumferentiatly at 3- and 36 to the exterior sur- 
face of the tube 12 to form a chamber which can 
be filled v/ith an inflati-.-n fluid to expand it. 

Balloon 32 is pre-'erably fabricated from a bi- 
axialiy oriented plastic material such as polyethyl- 
ene terephthalate (PET). That material exhibits a 
high burst strength -.vith relatively low extension 
when inflated to pressures in the range of from 3 to 
10 atmospheres. While an expander member 32 
fabricated from PET is highly suitable, it is not 
intended that the present invention be limited to 



that material. It is also contemplated that expend- 
able firms, such as polyethylene and silicone rub- 
ber may be used, especially if layered with fibers 
or the like to define a maximum outside diameter 

5 of the expander member when fully inflated. 

Disposed between the two inflation ports 28 
and 30 are one or more radiopaque marker bands 
38. This allows the distal end portion of the cath- 
eter 10 to bo precisely positioned relative to tho 

;o aortic valve when viewed with a fluoroscope. in the 
drawings, the cardiac tissue of the valve ring is 
identified by numeral 40. 

In accordance wiih ihe present invention, tho 
valvuloplasty catheter is designed to remain stable 

15 within the heart valve being treated upon inflation. 
This result is achieved by providing inflation ports 
28 and 30 of differing size, allowing tho portions of 
the expander on opposed sides of the valvular 
restriction 40 to expand at different rates. In Figure 

20 1. the catheter 10 is illustrated as having been 
advanced through the vascular system with the 
balloon sleeve 32 uninflated and therefore col- 
lapsed against the exterior of the tube 12. When 
the marker bands 38 have boen positioned relative 

25 to the valve 40 to be treated, an inflation fluid, 
typically a liquid contrast media, is injected through 
the inflation fluid inlet port 24 so that it flows 
through tho lumen 18 of tho tube 12 and simulta- 
neously out tho inflation ports 28 and 30. Because 

30 the more distal port 28 is of a larger size than the 
proximal port 30. the portion of the oxpandor mem- 
ber 32 located distalty of tho constriction intro- 
ducod by the presence of the valve 40 inflates at a 
greater rate than does tho portion of tho balloon 32 

35 on the proximal side of tho valve 40. As such, by 
applying tension to the proximal end 16 of the 
catheter as the inflation fluid is introduced, any 
tendency for the cathetor to be propoitod in tho 
distal direction, i.e.. pop out of tho valvo. is offset. 

40 As can be seon from Figure 2. as the inflation fluid 
continues to be portion of the balloon will also 
expand, approaching its maximum diameter v/hilo 
the valve wall 40 continues to create a restriction. 
In this fashion, the catheter expander member 32 is 

.15 stabilized against movement in cither tho pro.vimal 
• or tho distal direction, 

With reference next to Figure 3. the pressure 
of tho inflation fluid will be increased to its desired 
operating limit, and in doing so, will force open the 

so valve 40 to separate any stenotic buildup of (issue 
over tho commissures, thereby restoring flexibility 
to the valve leaflets. 

It can be seen then that by causing the ex- 
pander member 32 to inflate through two specffi- 

55 cally sized ports, one at each end of the expander 
member, the valve itself constricts the balloon in its 
center while both ends thereof inflate in advance of 
full inflation of the center portion. This selective 
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inflation thus helps to stabilize the catheter, holding 
it in place against the forces of biood flow. Further, 
by properly sizing the ports, with the distal port 
being sopnewhai larger than the more proximal 
port, the inflation fluid can be preferentially intro- 
. duced into the distal end portion of the balloon first, 
allowing tension 3n the catheter shaft to also help 
to stabilize the talloon against translational move- 
ment as the flL':d pressure is increased to the 
desired level for ':ausing expansion of the stenosed 
valve. 



Claims 

1. A valvuloplasty catheter comprising: 

(a) an elongate- flexible, plastic, lube (12) having 
a proximal erd (16). a distal end (14) and a 
lumen (18) e:';tending from said proximal end 
(16) to said distal end (14). said tube (12) includ- 
ing at least two longitudinally spaced ports (28. 
30) of differinc cross-sectional area and extend- 
ing radially through said tube (12) and intersect- 
ing said lumen (18). said ports (28, 30) being 
disposed at tho distal end portion of said tube: 

(b) a tubular ^nflatable expander member (32) 
encircling said tube (12) and overlaying said two 
longitudinally spaced ports (28, 30). said ex- 
pander member (32) being bonded circumferen- 
tially to said tube at opposed ends of said 
expander member: and 

(c) means for injecting an inflation fluid into said 
lumen (18) at said proximal end (16) such that 
when said expander member (32) is constricted 
intermediate i^aid longitudinally spaced ports 
(28. 30), both ends of said expander member 
(32) simultaneously inflate but at differing rates 
on either side of the constriction. 

2. A valvuloplasty catheter as claimed in Claim i 
wherein the mosi distal (30) of said ports is of a 
larger cross-sectional area than the more proximal 
port (28) such tl;at the portion of said expander 
member (32) disljl of said constriction expands on 
injection of said '.nflation fluid into said lumen (18) 
at a rate greater ihan the portion of said expander 
member proximal of said constriction. 

3. A valvuloplasty catheter as claimed in Claim 1 or 
Claim 2 wherein said longitudinally spaced ports 
(28, 30) are no: longitudinally aligned along the 
length of said tubo (12). 

4. A valvuloplasty catheter as claimed in any one of 
Claims 1 to 3 and including a radiopaque marker 
moans (38) disposed on said tube (12) at a location 
intermediate said opposed ends of said expander 
member (32). 

5. A valvuloplasly catheter comprising a catheter 
tube (12) having a portion which extends length- 
wise from a first end (14) towards but short of the 



second end (16) of said tube, said tube portion 
being provided with first and second longitudinally 
spaced apart ports (28. 30) each communicating 
with an inflation fluid passageway (18) defined with- 

5 in said tube portion, a bladder (32) received over 
said tube portion and sealed thereto so as to define 
an enclosure between said tube portion and said 
bladder (32). said first and second ports (28. 30) 
communicating said enclosure with said inflation 

w fluid passageway (18) for transmitting inflation fluid 
in use from said passageway (18) to said enclosure 
and said first port (28) being so provided as to 
have an inflation fluid transmission rate greater than 
that of said second port (30) so that when said 

15 enclosure is compartmentalised by a constriction 
intermediate said ports (28. 30). the compartment 
communicating with said first port (28) inflates at a 
rate greater than the rate of inflation of the other 
compartment, and an injection inlet (22) proximate 

20 the second tube end (16) for admitting inflation 
fluid in use of the catheter to said inflation fluid 
passageway (18). 
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